The discovery by Wollaston (1797) of uric acid in a gouty tophus, and the demonstration by Garrod (1848) that uric acid existed in excess amounts in the blood of gouty subjects, have not been followed as yet by any clear understanding of the precise relationship between this substance and the disease. In particular, the mechanism of production of the acute attack remains unexplained, and there exists a fascinating gap in our knowledge of the link between this striking clinical phenomenon and that relatively simple compound uric acid. Several reasons for this exist. Intervals between attacks may be as long as 62 years (Bauer, 1943) , and it is therefore unusual to be able to observe the biochemical changes of an acute attack occurring fortuitously. Artificially induced attacks are unsatisfactory; high purine or high fat diets may themselves affect blood uric acid levels (Br0chner- Mortensen, 1939; Bauer, 1943; Bauer and Klemperer, 1947; Marson, 1953) , and, although acute attacks have been observed after the administration and withdrawal of ACTH (Hellman, 1949; Levin and others, 1953) , this substance has a uricosuric action others, 1946, 1948; Robinson and others, 1948; Gutman and Yu, 1950; Thorn and others, 1950; Wolfson and others, 1950) , which renders interpretation difficult. Furthermore, the complete clinical remissions which characterize gout render the necessary in-patient observation during these periods difficult to achieve, and the tendency is for only those patients who have reached the chronic stage to accept this. Secondly, the classical severity of the acute paroxysm, so graphically referred to in the literature (e.g. by Sydenham, 1683;  and, in more recent years, by Wood-Jones, 1948 renders it impossible to observe an untreated acute attack. Finally, the development of reliable and practical biochemical methods for the quantitative determination of uric acid in body fluids has proved difficult, and this is reflected in the massive literature on this problem. That adequate accuracy can be achieved, however, has been confirmed by the use of uricase (Blauch and Koch, 1939; Block and Geib, 1947) , whereby the inaccuracy produced by non-uric acid chromogens can be excluded and measured. Buchanan and others (1945) have estimated that non-uric acid chromogenic material in the urine amounts to 60-90 mg./24 hrs, and Johnstone (1952) , using a combination of the colour reagent of Brown (1945) and the uricase method of Block and Geib, found that they accounted for 7 mg./100 ml. in the urine and 0 2 mg./100 ml. in the plasma. There was no correlation between nonuric acid chromogens and uric acid, the former being within normal limits, and the difference between normal and gouty readings being due to uric acid. The only significant error from this source occurs in the presence of renal failure.
Many workers report that at least a proportion of gouty subjects show normal values in the blood, varying in different series from 7 to 28 per cent. (Cohen, 1936; Hench and others, 1928; Hill, 1938 ). An analysis of blood uric acid estimations on eight gouty subjects, when no drugs had been taken for 24 hours during periods of freedom from acute paroxysms, has been made on the material of a previous study (Mason, 1951) , and this reveals that twelve readings (24 per cent.) out of 51 were below 4 mg. per cent. This figure agrees with those quoted of the proportion of cases of gout having a normal level. On the other hand, the relatives of gouty patients are not infrequently found to be suffering from asymptomatic hyperuricaemia (Talbott and Coombs, 1938a; Talbott, 1940 Talbott, , 1951 . It is also recognized that hyperuricaemia due to renal failure is not associated with attacks of gout. Furthermore, the artificial production of gross hyperuricaemia by intravenous administration, even in gouty subjects, to over 20 mg. per cent. will not precipitate an attack (Folin and others, 1924) . 120 PROBENECID ('BENEMID') IN GOUT Perhaps the greatest confusion lies in our understanding of the relationship of an acute attack to the level of circulating urate. The most important study in this connexion is that of Jacobson (1938) , who makes the point that it is inherently impossible to obtain information from a study of individual cases and that only a statistical investigation will give the necessary evidence. He admits that his own data were obtained under conditions which only approximate to the ideal desiderata of frequent observations between and during attacks under controlled conditions of diet and medication. He was only able to detect significant differences between the readings obtained during asymptomatic and attack periods by comparing the observations during an arbitrary 3-day period before the attack with the remainder, and his findings suggested that the serum uric acid fell during the attack period.
Urinary uric acid estimations are subject to many of the same difficulties as blood studies; and, moreover, endogenous and exogenous uric acid may influence excretion independently (Br0chner-Mortensen, 1937). In addition, caffein, theophylline, and theobromine may be oxidized to methylated uric acid in the urine, and this may give a reaction to phosphotungstic acid. It is possible that the alleged uricosuric action of these substances is due to this effect (Buchanan and others, 1945) .
It has been suggested that an acute paroxysm of gout may be associated with changes in uric acid excretion. Osler (Osler and McCrae, 1920 ) not only claimed that the blood uric acid is higher during an attack but that the output of uric acid is low during the intervals and rises at the onset. Talbott and others (1935) and Talbott and Coombs (1938b) describe a "gout cycle", in which a cyclic disturbance of electrolyte balance occurs in gouty subjects, but Levin and others (1953) were unable to confirm their findings.
Probenecid ("Benemid").-After the incidental finding that caronamide, had a uricosuric action (Wolfson and others, 1948) , Boger and others (1950) showed that p-(di-n-propylsulphamyl)-benzoic acid (probenecid, "Benemid") had a similar and more potent effect, and appeared to be less toxic (Boger and Crosson, 1950) . This substance is presumed to act by interference with renal tubular mechanisms, bringing about reabsorption of urate from glomerular fluid; its uricosuric action is well documented (Gutman and Yu, 1951; Talbott and others, 1951; Talbott, 1951) , whilst its toxic effect on the kidney appears to be negligible (Sirota and others, 1952a, b) . Of particular interest were the side-effects noted, which included the occurrence of acute attacks of gout in some cases. Gutman and Yu (1951) found, for example, that six of eighteen cases treated with probenecid 2 g. daily developed acute attacks within a few days. This substance, therefore, a potent and non-toxic uricosuric agent, provided an opportunity to study uric acid excretion and associated changes of blood levels in gouty subjects, and of the seven cases described in the present study, six had acute attacks whilst under investigation.
Methods
All patients except Case 3 were observed as in-patients. Free fluid intake was allowed without special dietary restrictions, except that patients were restricted to the standard hospital diet to the greatest practicable extent. The biochemical methods used are shown in Table I , the upper limit of normal being taken as 4 mg./100 ml. in the blood and 6 mg./100 ml. in the plasma or serum. Aspirin and other salicylates were excluded. (Plimmer, 1918) Blood: Folin (1933) Urine: Benedict and Franke (1922) Case Reports Table II and illustrated in Fig. I 
(opposite).
A striking feature of this case was the marked increase in the serum uric acid in association with the acute attack. However, the patient had a grossly deficient renal function and the blood urea was also rising during this period, and it is possible that the increasing serum uric acid is simply a reflection of renal failure. During the whole period of study an excess of uric acid amounting to 6,623 mg. was excreted. The tophi contained approximately 1,300 mg. uric acid, a relatively small amount in comparison with the excess excreted in the urine. This point is commented on below.
No definite conclusion can be made from this case as to the specific problem of the relationship of uric acid to the acute paroxysm of gout, for, although large changes in serum uric acid levels occurred at the time of the acute attack, the presence of renal failure with the rising blood urea complicates the picture to a degree which prevents the drawing of any conclusions relevant to this particular problem. However, with further experience in treating patients with probenecid it was confirmed that not infrequently an acute attack would develop during the first few days, at a time when the blood uric acid level had been brought to normal. This is illustrated in Case 5.
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Case 6, male, aged 56 (Figs 3 and 4 and Table IV Examination of material from a tophus showed crystals of sodium biurate with a positive murexide test. X rays of the hands and feet showed small punchedout areas in both first metatarsophalangeal joints with osteo-arthritic changes. During 15 days of therapy 3,563 mg. urinary uric acid was excreted over and above the anticipated excretion on the basis of control values. Serum uric acid fell quite rapidly from a maximum of 9 4 to 3 -3 mg. per cent. on the 5th day of treatment. On Day 14 the patient developed an acute attack of gout in one big toe and on that day his serum uric acid was normal at 4 6 mg. per cent. On Day 17 a more intense attack developed and he took colchicine in full doses. The serum uric acid over this period was 3 * 4, 3* 3, and 3 *4 mg. per cent. He was discharged on the 22nd day on 2 g. probenecid daily. Within 24 hours of discharge he developed an intense polyarticular attack, but continued with probenecid, and colchicine 1/120 gr. four times daily. He was re-admitted 4 weeks after discharge, still with a very intense polyarticular attack. During the first week after admission (Days 52 to 58) he was still excreting a mean daily excess of 83-0 mg./24 hrs, and his serum uric acid was 2-2 and 2-3 mg. per cent. on two occasions. The attack gradually settled, and during the following 3 weeks the excretion of uric acid in the urine did not deviate by more than a few mg. from normal, the serum uric acid remaining at about the same level. He was treated briefly with phenylbutazone in the hopes of relieving his attack, but it is not possible to say whether this was effective. During the first 5-day period after discontinuing probenecid (Days 80 to 84), a total of 1,535 mg. uric acid was retained, and he had an acute attack of gout which was controlled with colchicine. Case 4.-This patient had two attacks during the 11 days of study. Again no blood estimation was carried out at the critical time, at the onset or at the height of the attack. On the 3rd day of his first attack (during the control period) his serum uric acid was 9 mg. per cent. On the day before his attack, during probenecid therapy, it was 4-6 mg. per cent., and on that and the succeeding two days he excreted a total excess of 1,500 mg. uric acid.
Case 6.-This case demonstrates very clearly the occurrence of an acute attack at a time when the level of circulating uric acid had been brought to normal. On re-admission a month later with a very severe polyarticular attack his serum uric acid had fallen still further to 2-2 and 2-3 mg./100 ml.
Case 7.-This case demonstrated a similar phenomenon. The blood uric acid during a 2-day control period was 4-4 and 5 mg. per cent., and at the height of his attack on the 4th day of probenecid therapy it had fallen to 2 * 7 mg. per cent. (Fig. 5, opposite) .
Case 2.-This patient developed his acute attack during the control period, but the findings are of less value in this connexion in view of his gross renal failure. His serum uric acid rose rapidly from 8-6 and 7-1 to 10-4 mg./100 ml. on the day before the attack began, and reached a maximum of 12-8 mg. per cent. when probenecid administration was begun. His blood urea also rose from 70 to 96 mg./100 ml. on the 2nd day of his attack, 105 on the 4th day, and 118 on the 8th day. It may therefore be that the rising serum uric acid was associated with renal failure and it is difficult to draw any conclusions.
Case 5.-This patient had already developed an attack of gout when admitted, but on the 3rd day of probenecid administration he developed an acute exacerbation. His plasma uric acid had been 7 and 6-2 mg. per cent. during the control period. On the day before the exacerbation developed it was 4-6 mg. per cent., and on the 2nd day of the attack 4 mg. per cent.
It is evident that, whatever the changes in blood levels in a naturally occurring attack of gout, acute paroxysms can occur at a time when the level has been sharply brought to normal. This finding PROBENECID ('BENEMID') IN GOUT renders it difficult to believe that uric acid per se can be responsible for initiating the acute paroxysm of gout.
Quantitative Studies.-It is possible to compare the total excess of uric acid excreted with the change in plasma uric acid in Cases 1, 3, 4, 5, and 6. Case 2 is excluded because of the renal failure and the acute attack at the onset of treatment, and Case 7 is excluded because the estimations were made on whole blood. For convenience, the first 5 days of probenecid administration only are considered. As anticipated, the calculated loss of uric acid from the plasma is very much less than the excess excreted. Estimating the plasma volume at 0 -05 body weight, the amount lost in 5 days of probenecid therapy is calculated as varying from 191 to 101 mg. (mean, 149 mg.). At the same time, the excess appearing in the urine over the same period lies between 4,755 and 768 mg. (mean, 2,136 mg.). A similar, though smaller, discrepancy occurs if calculations are made on the uric acid contained in the extracellular fluid (0'2 body weight). On this basis, the loss of extracellular uric acid in these cases amounted to from 757 to 398 mg. (mean, 588 mg.). Table VI shows a similar analysis based on total body uric acid calculations. These are estimated on the assumption that uric acid is equally distributed throughout the body fluids (an assumption which is liable to serious objections which are discussed below), the total body fluid being estimated by the formula body water=0*7 body weight. On this basis the fall in calculated body urate varies between 2,645 and 1,393 mg. (mean, 2,173 mg.), whilst the excretion excess lies between 4,755 and 768 mg. (mean, 2,136 mg.). In all these cases, except Case 5, there was a discrepancy in the opposite direction, and previous quantitative studies of this nature have given essentially similar results. Graham (1920) also noted a similar discrepancy and concluded that the extra uric acid could not possibly have come from the blood alone, but might be accounted for in the amount distributed in solution in the tissue fluids. He was perhaps the first to draw attention to the possibility that uric acid in the solid phase might play a part. He also determined the total body uric acid on the assumption that it is equally distributed in the body fluids, assuming that water comprised 90 per cent. of the body weight. On this basis his patient had totals of 1,200 and 2,500 mg. uric acid on two occasions. In one experiment the estimated change in total body uric acid approxi- Graham's, i. e. less uric acid was excreted in excess than the calculated body changes would account for. These discrepancies may well be due to the unreliability of calculations of body uric acid for the reasons given by Graham. Table VII shows similar calculations made in the same way on four non-gouty cases given 2 g. probenecid daily for 5 days. The response during this period shows no striking difference when compared with that of gouty subjects. The excess amount of uric acid appearing in the urine averaged 1,603 mg. as compared with 2,136 mg. in the gouty subjects, but it will be noted that the average body weight of the controls was 70 7 kg., and the gouty subjects weighed on the average 12 kg. (26 lb.) more. No differences in this respect could be detected which would be of use in differential diagnosis in individual cases, although it is possible that longer term studies might be of value.
In the one patient (Case 6) who was followed for a longer term, it is more probable that equilibrium is achieved. In this particular case a gap of 31 days occurred, however, when he was discharged from hospital, so that an approximation can only be made of the total excess uric acid excreted by assuming that it was at the rate of the mean of Weeks 3 and 8 (i.e. +94 mg./24 hrs). During Weeks 9, 10, and 11, the daily excretion reached a mean of +3 6 mg./ 24 hrs above the control values, which may be considered as within the experimental error. The total excess of uric acid excreted amounted to 7,953 mg., but the calculated change of body urate amounts to only 3,139 mg. There would appear to be a difference in this case as compared with the calculations based on short-term studies, since the excess of excretion over the calculated change in total body urate amounts to 4,814 mg. It seems likely that the long-term study gives a more reliable result. If one can accept, therefore, that in this case equilibrium had been achieved, the discrepancy found lends support to the hypothesis that uric acid in the solid phase is in equilibrium with body fluid urate. It is necessary to emphasize, however, that the urinary uric acid has had to be estimated over the period of one month, which must leave an element of doubt in this conclusion.
The above calculations may be compared with those made from injecting isotopic uric acid labelled in the 1 and 3 positions with N-1 5 (Benedict and others, 1949) . The size of the pool in normal subjects was found to be about 1,200 mg., but in gouty subjects this was increased many times, sometimes fifteenfold, e.g. to 15,450 and 31,019 mg. (Benedict and others, 1950 Talbott (1951) , using the isotope technique, a fall in pool size occurred as a result of probenecid administration from 2,205 to 1,622 mg., and in another (Bishop and others, 1951a, b) from 4,700 to 1,600 mg. These figures are of very much the same order as those in the present case.
Unfortunately in Case 2, which is the only other case in which a long-term study was possible, renal function was so impaired that uric acid depletion could not be obtained. Of particular interest in this case, however, was the carrying out of tophectomy on Day 36; it was after this operation that the serum uric acid fell from a mean of 8 2 mg. per cent. during the previous 10 days to 6 mg. per cent. a week after operation. The amount of uric acid in the tophi was surprisingly small, amounting to 1,330 mg. This suggests that either these tophi were not acting as "banks" partly included in the miscible pool, or that they had been depleted by treatment with probenecid. A total excess of 4,700 mg. uric acid had already been excreted at the time of operation. In view of the fact that Yu and Gutman (1951) have produced evidence that gouty tophi may be mobilized by prolonged use of probenecid, it is clearly possible that this had occurred when the tophectomy was carried out, and the smallness of the amount of uric acid in the tophus does not therefore exclude the possibility that uric acid in the solid phase is in equilibrium with that in solution.
Relationship of Uric Acid to Acute Attack.-In considering the relationship of uric acid and gout, we have to account for the fact that no consistent relationship can be established between uric acid levels and acute gout; furthermore, the present study suggests that attacks of gout may regularly occur when the blood level has been brought to normal by the use of probenecid.
It is difficult to avoid the conclusion that uric acid itself is not responsible for the acute attack of gout. If this is accepted, then one possible explanation is that a precursor of uric acid is involved. This precursor may theoretically be normal or abnormal, and there is very little data on which to decide between these possibilities. The possible intermediate products in the formation of uric acid have been recently reviewed by Gutman (1953) . The answer to this problem may lie in the action of colchicine, for it is possible that colchicine acts by blocking the formation of this hypothetical precursor. If such is the case, then this must be an abnormal precursor, since colchicine has no effect on plasma uric acid level. There is some evidence, however, of another metabolic route in the formation of uric acid in gouty subjects: using labelled glycine in one case, Shemin and Rittenberg (1947) found that glycine can be responsible for the nitrogen in the 7 position in uric acid in man. Benedict and others (1952) , using N-15 labelled glycine, were therefore able to identify the uric acid in the urine from this source, following the administration of isotopic glycine. Their findings suggested that in gouty subjects a more rapid mechanism exists for the transformation of glycine into uric acid than in normals, and they suggest that this may occur via a different metabolic route. Such a hypothesis would be consistent with the findings of the present investigation that acute attacks of gout may occur when probenecid administration has produced a uric acid diuresis and brought the blood levels to normal, for it is possible that by removing the end product of the metabolic chain the formation of precursors might even be increased. It would also be consistent with the observations of Wood-Jones (1950) and Barnett (1951) , who suggest that the basis of the acute attack is a vasomotor disturbance; and there is no evidence that uric acid itself can in fact produce such an effect. Summary Observations are described of seven cases of gout treated with probenecid, urinary uric acid and blood uric acid estimations being carried out at the same time.
Attacks of acute gout were studied; these occurred at a time when the level of circulating urate had been brought to normal. Attention is drawn to one possible explanation of this phenomenon: that not uric acid per se but a precursor may be responsible for the acute paroxysm. The use of a uricosuric agent, such as probenecid, has enabled quantitative studies to be made, which provide some evidence that uric acid in the solid phase is in equilibrium with uric acid in body fluids. 
